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1.0  INTRODUCTION 

This  volume  contains  summary  plots  of  the  results  of  both  the  linear  and  annu¬ 
lar  cascade  test  programs.  Detailed  local  tabulated  data  will  be  available  on 
magnetic  tape,  as  described  in  Volume  III. 

The  details  of  the  linear  and  annular  cascade  test  plans  were  presented  in 
Volume  I.  It  is  intended  that  the  test  plans  outlined  in  Volume  I  be  utilized 
with  the  summary  plots  in  Volume  II  to  aid  the  reader  in  selecting  specific 
groups  of  runs  for  analysis.  The  data  presented  in  this  volume  should  be  ade¬ 
quate  to  identify  data  trends  for  the  analyst.  It  should  also  provide  suffi¬ 
cient  detail  to  the  designer  to  estimate  endwall  cooling  levels  and  to  locate 
areas  of  high  heat  transfer  rates.  However,  detailed  information  on  local 
endwall  heating  rates  for  both  the  analyst  and  designer  will  require  utiliza¬ 
tion  of  the  overall  data  base,  described  in  Volume  III. 
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2.0  LINEAR  CASCADE 


The  dat 
resu  1 t « 
d.' 


.  n  this  sec tie 
the  linear 
'is  of  the  type. 
:  t  y  of  spec i f ic 


will  include  summaries  of  all  Phase  I  and  Phase  II 
v: ade.  Run  conditions  are  summarized  and  general 
of  data  plots  that  are  available  are  given.  The 
plots  for  each  run  is  tabulated  and  the  individual 


ach  run  are  then  presented. 


iNDITIONS 


’  ■  lan  for  the  i  ,>e  n  cascade  investigation  was  organized  to  span  the 

"actors  expe"  u>  influence  vane  endwall  heat  transfer  and  asso- 
.age  aerodynan  . .  ,  except  for  radial  pressure  gradient  effects 

•  v  •  the  annular  cascade  task.  Details  of  the  various  series  of  tests 

vet.'  given  in  Section  4  of  Volume  I  and  will  not  be  repeated  here.  A  summary 
of  t re  inlet  and  exit  flow  conditions  for  the  linear  cascade  runs  is  given  in 


TAPLc.  1.  LINEAR  CASCADE  RUN  CONDITIONS 


Inlet  conditions 


Exit  conditions 


t.otal 
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Reynolds 

Reynolds 
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■ -Vii  ture 

pressure 

pressure 

Mach 
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Expansion 
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0.71 

0.74 

1.39 

3 

. 

15.3 
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TABLE  1.  (CONT) 


Inlet  conditions _ _ Exit  conditions 


Run 

No. 

Gas  total 
temperature 
( °F) 

Total 
pressure 
( psia) 

Static 
pressure 
( psia) 

Mach 

number 

Reynolds 
number 
x  10'6 

Mach 

number 

Reynolds 
number 
x  10"6 

Expansion 

ratio 

166 

818 

59.2* 

57.9 

0.18* 

0.52* 

0.71 

1.65 

1.38 

168 

788 

62.5* 

62.2 

0.08* 

0.25* 

0.30 

0.91 

1.06 

169 

822 

45.0* 

44.0 

0.18* 

0.39* 

0.69 

1.23 

1.36 

170 

807 

56.8* 

54.9 

0.22* 

0.62* 

1.06 

1.85 

2.01 

171 

787 

56.4* 

54.0 

0.26* 

0.71* 

1.05 

1.87 

1.98 

172 

800 

33.9* 

32.8 

0.21* 

0.36* 

0.70 

0.96 

1.38 

173 

787 

45.2* 

43.7 

0.22* 

0.50* 

0.71 

1.30 

1.38 

174 

780 

59.8* 

57.9 

0.22* 

0.65* 

0.69 

1.69 

1.36 

♦Distorted  inlet  runs  require  special  handling  of  these  values  (see  text). 

2.2  DESCRIPTION  OF  SUMMARY  DATA 

A  total  of  eight  summary  data  items,  listed  in  Table  2,  are  available  for  the 
linear  cascade  runs. 


TABLE  2.  LINEAR  CASCADE  SUMMARY  DATA  ITEMS 

1.  Aero  summary  sheet 

2.  Heat  transfer  endwall  hotside  temperature  contours 

3.  Endwall  passage  pressure  contours 

4.  Adiabatic  endwall  temperature  contours 

5.  Heat  transfer  endwall  Stanton  number  contours 

6.  Vane  V/Vc  plots 

7.  Exit  flowfield  aero  summary  plots 

8.  Inlet  flowfield  temperature  and  velocity  profiles 


Not  all  data  items  are  available  for  all  runs.  Some  runs,  as  explained  in 
Volume  I,  contain  only  heat  transfer  data  with  no  exit  aero  survey  available. 
Similarly,  the  baseline  "cold"  aero  runs  contain  no  heat  transfer  data.  In 
addition,  some  data  sets  are  formed  from  a  composite  of  runs.  This  resulted 
from  instrumentation  problems  during  a  run  creating  erroneous  results  for  a 
portion  of  the  data.  Only  the  portion  that  was  affected  was  repeated,  thereby 
creating  data  sets  consisting  of  results  from  more  than  one  run,  but  with  all 
runs  made  at  identical  run  conditions.  Table  3  lists  the  data  items  that  are 
available  for  each  run,  and  where  data  sets  are  a  composite  of  more  than  one 
run,  the  additional  run  numbers  are  given. 


The  individual  data  items  will  be  discussed  to  explain  how  they  were  developed 
and  what  the  format  of  each  item  is. 
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TABLE  3.  AVAILABILITY  OF  SUMMARY  DATA  FOR  LINEAR  CASCADE 


Aero 

l.inivd  1 1 

Endwa  1 1 

Ad  tabetic 

kndwali 

Vane 

Exit  Aero 

Run 

Run 

Summary 

at  ure 

Pressure 

Temperature 

Stanton  No* 
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Summary 

Inlet 

hi'  ■■ . 

No. 

loud  1 1  i i 

immi  Table 

t-oiil  ours _ 

Contours 

Contours 

Contours 

Plot 

Plots 

Profiles 

1  ft-  1  • 

X 

X 

X 

X 

X 

14-1  J 

61 

X 

X 

X 

X 

X 

18-71 

67 

X 

X 

X 

X 

X 

22-29 

8r>* 

\ 

X 

96 

96 

96 

96 

X 

X 

177 

JO-  Ih 

H  7* 

X 

X 

95 

95 

95 

95 

X 

X 

J7-44 

89* 

X 

X 

936 

93C 

93C 

93C 

X 

X 

176 

45-52 

91* 

X 

X 

X 

X 

X 

X 

X 

X 

179 

63-67 

94 

X 

X 

X 

X 

X 

*9-72 

98 

X 

X 

X 

X 

X 

6  3-09 

99 

X 

X 

X 

X 

X 

X 

X 

X 

70-74 
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X 

X 

X 

X 

X 

X 
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X 

X 

X 

X 

X 

X 
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10H 

X 

X 

X 

X 

X 

X 

85-91 
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X 

X 

X 

X 

X 

X 

X 

X 

92-98 
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X 

X 

X 

X 

X 

X 

X 

X 

99-10* 

1  12 

X 

X 

X 

X 

X 

X 

X 

X 
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X 

X 

X 

X 

X 

X 

X 

X 
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1  14 

X 

X 

X 

X 

X 

X 

X 

X 
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1  16 

X 

X 

X 

X 

X 
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1  18 

X 

X 

X 

X 
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X 
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X 

X 
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X 
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X 
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X 

X 

X 

X 

X 

X 

X 

X 

X 

158-163 

111* 

X 

X 

X 

125 

X 

125 

164-169 
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X 

X 

X 

X 

X 

X 
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133 

X 

X 

X 

X 

X 

X 
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149 

X 

X 

X 

X 

X 

X 

182-187 
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X 

X 

X 

X 

X 

X 
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165 

X 

X 

X 

X 

X 

X 
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166 

X 

X 

X 

X 

X 

X 

200-205 
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X 

X 

X 

X 

X 

X 

206-211 
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X 

X 

X 

X 

X 

X 

212-217 
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X 

X 

X 

X 

X 

X 

218-223 

171 

X 

X 

X 

X 

X 

X 

224-229 
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X 

X 

X 

X 

X 

X 
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X 

X 

X 

X 

V 

X 

2  36-241 

174 

X 

X 

X 

X 

X 

X 

* Result  a 

ol  this 

run  are 

a  composite  o!  •  -i 

>.  t  .1 1  I.k’lillu] 

1  conditions. 

Run  numbers  of 

additional  runs 

are  given  where 

data  is  used. 

2.2.1  Aero  Summary  Sheet 

This  data  sheet  includes  the  pertinent  inlet  and  exit  conditions  that  were 
used  to  set  up  the  run.  These  include  the  inlet  total  pressure,  static  pres¬ 
sure,  total  tei-r-'^ature,  Mach  number,  V/Vc,  and  Reynolds  number  based  on 
true  chord.  The  ideal  exit  conditions  are  also  given  on  the  summary  sheet. 

The  same  parameters  as  given  for  the  inlet  are  listed  for  the  exit.  The  ideal 
exit  values  are  based  on  measured  exit  static  pressures  and  the  isentropic 
flow  assumption.  The  summary  sheet  also  gives  the  cascade  expansion  ratio  and 
static  pressure  ratio. 

A  summary  of  the  exit  flow  field  traverse  data  is  given  in  the  form  of  mixed- 
out  conditions  for  each  span  position  at  which  data  was  taken.  The  method  for 
calculating  mixed-out  properties  assumes  that  a  hypothetical  uniform  property 
state  exists  downstream  of  the  cascade.  It  then  solves  conservation  equations 
between  cascade  exit  and  mixed-out  state  for  the  unknown  mixed-out  parameters. 
The  equations  solved  conserve  energy,  mass,  axial  momentum  and  tangential  mo¬ 
mentum,  and  require  an  iterative  solution.  One  side  of  each  equation  is  an 
integral,  which  may  be  evaluated  from  test  data,  and  the  other  side  contains 
only  mixed-out  variables. 
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The  mixed-out  variables  listed  include  the  mass  flow  per  passage  in  lb/sec, 
the  total  pressure  in  psia,  the  total  temperature  in  *F,  the  Mach  number,  the 
exit  gas  angle,  the  pressure  loss  coefficient  based  on  ideal  dynamic  pressure, 
and  the  kinetic  energy  loss  coefficient. 

2.2.2  Heat  Transfer  Endwall  Temperature  Contours 

The  53  measured  hotside  passage  temperatures  on  the  endwall  are  curve  fit, 
then  used  to  obtain  interpolated  temperatures  for  the  nodes  of  the  finite 
element  model.  The  finite  element  program  can  generate  contour  plots  from 
node  values  of  a  given  variable.  Using  this  capability,  the  interpolated 
hotside  temperatures  in  #F  at  each  node  are  contour  plotted  to  provide  the 
heat  transfer  endwall  temperature  contours. 

2.2.3  Endwall  Passage  Pressure  Contours 

The  42  endwall  static  pressure  values  in  psia  are  used  to  generate  pressure 
values  for  the  338  nodes  of  the  endwall  finite  element  model,  using  an  inter¬ 
polation  algorithm  identical  to  that  used  for  the  endwall  temperature.  Simi¬ 
larly,  these  interpolated  node  pressures  are  then  used  to  generate  a  contour 
plot  using  the  plotting  routine  from  the  finite  element  program. 

2.2.4  Adiabatic  Endwall  Temperature  Contours 

Similar  to  the  two  preceding  plots,  this  contour  plot  is  developed  by  curve 
fitting  the  90  adiabatic  endwall  temperature  measurements  in  °F,  interpolating 
the  results  to  determine  values  at  each  of  the  338  nodes  of  the  endwall  finite 
element  model.  The  results  are  then  contour  plotted  by  the  finite  element 
plotting  routine. 

2.2.5  Endwall  Stanton  Humber  Contours 

This  contour  plot  is  developed  by  using  the  local  endwall  heat  transfer  coef¬ 
ficient  that  is  determined  at  each  node  by  the  finite  element  solution  tech¬ 
nique.  The  Stanton  number  is  calculated  at  each  node,  based  on  the  heat 
transfer  coefficient  at  that  node  and  the  average  inlet  flow  conditions. 

These  values  are  then  contour  plotted  by  the  finite  element  plotting  routine. 

The  sign  convention  on  the  heat  flux  was  changed  for  run  149  and  all  subse¬ 
quent  runs.  This  was  done  to  eliminate  the  negative  Stanton  numbers  shown  on 
runs  prior  to  149.  In  comparing  data  from  different  runs,  all  Stanton  numbers 
should  be  considered  positive  and  for  runs  prior  to  149,  the  MAX  and  MIN  loca¬ 
tions  and  values  shown  on  the  contour  plots  should  be  reversed. 

2.2.6  Vane  V/V„  Plots 

Static  pressure  measurements  were  made  on  the  suction  and  pressure  surfaces  of 
cascade  airfoils  at  5%,  20%,  and  50Z  of  span.  These  local  static  pressures 
were  then  used  to  calculate  local  values  of  V/Vc  based  on  an  upstream  total 
pressure  read  from  one  element  of  the  inlet  core  pressure  rake.  These  values 
of  V/Vc  at  the  three  spanwise  positions  were  then  plotted  as  a  function  of 
percent  axial  chord. 
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2.2.7  Exic  Flowfield  Aero  Summary  Plots 

This  sheet  contains  four  plots  that  summarize  the  exit  traverse  results.  The 
pressure  loss  coefficient  and  exit  air  angle  are  plotted  as  a  function  of  per¬ 
cent  span.  The  values  are  the  mixed-out  values  previously  tabulated  on  the 
aero  summary  sheet. 

Also  shown  are  local  contour  plots  of  the  pressure  loss  coefficient  and  the 
air  turning  angle.  The  pressure  loss  coefficient  plot  shows  the  contour  rep¬ 
resenting  changes  in  level  from  the  wall  out  to  midspan,  and  also  in  the  cir¬ 
cumferential  direction  across  the  passage.  A  similar  contour  plot  for  the  air 
angle  gives  contours  for  the  difference  between  the  local  air  turning  angle 
and  the  mixed-out  value  at  each  span  location. 

2.2.8  Inlet  Temperature  and  Velocity  Profiles 

The  data  for  these  plots  were  taken  with  the  traversing  inlet  probe  described 
in  Section  3  of  Volume  I.  Measurements  of  temperature  and  pressure  were  made 
upstream  of  che  cascade  from  the  endwall  out  to  midspan,  with  added  emphasis 
plac  ed  on  che  boundary  layer  region. 

The  temperature  data  that  are  plotted  are  an  average  of  several  readings. 

This  is  done  to  eliminate  variations  due  to  slight  fluctuations  in  the  gas 
temperature.  All  temperature  data  plotted  are  in  °F . 

Similarly,  pressure  measurements  represent  an  average  of  several  readings  and, 
in  addition,  are  time  corrected  based  on  changes  in  inlet  reference  total 
pressure.  The  pressure  measurements  are  then  used  with  a  probe  calibration 
and  inlet  static  pressure  seasurements  to  calculate  inlet  velocities.  These 
velocities,  in  ft/sec,  are  then  plotted  from  the  wall  out  to  midspan. 

2.3  UATA  SUMMARY 

This  section  contains  the  data  summary  sheets  for  all  linear  cascade  tests 
with  the  exception  of  the  inlet  turbulence  measurements.  The  results  are  ar¬ 
ranged  in  numerical  order  of  run  number  as  listed  in  Table  3.  Recall  that  not 
all  data  items  are  available  for  all  runs. 
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LINEAR  CASCADE  DATA 
GMA  200  TURBINE  VANE  CASCADE 


RUN 

#  57 

DATE:  01/03/79 

TIME: 

2:14:45 

PTOTAL 

21.41 

PSTATIC 

20.90 

INLET  CONDITIONS 
TTOTAL  MACH  # 
656.85  .186 

V/V* 

.203 

REY/1Q**6 

.429 

PTOTAL 

21.41 

STATIC 

15.26 

IDEAL  EXIT  CONDITIONS 
TTOTAL  MACH  # 

656.85  .713 

V/V* 

.744 

REY/1 0**6 
1.345 

CASCADE  OPERATING  CONDITION 

EXPANSION  RATIO  =  1.403  STATIC  PRESSURE  RATIO  =  .730 


***  MIXED  OUT  CONDITION  SUMMARY  *** 


%  SPAN 

MASS 

PT3 

TT3 

50.2 

1.083 

21.19 

657 

40.1 

1.0/fa 

21.18 

659 

30.1 

1.086 

21.17 

660 

25.1 

1 .098 

21.13 

661 

20.1 

1.101 

21.03 

661 

15.1 

1.099 

20.95 

661 

12.1 

1.099 

20.95 

661 

9.0 

1.084 

20.96 

662 

6.1 

1.032 

20.97 

662 

AVERAGE 

1.080 

21.08 

660 

M3 

BETA3 

OMEGA 

EBAR 

699 

19.82 

.0356 

.0290 

697 

19.75 

.0364 

.0297 

695 

19.97 

.0395 

.0322 

693 

20.25 

.0459 

.0375 

687 

20.50 

.0615 

.0505 

679 

20.68 

.0763 

.0628 

671 

20.82 

.0778 

.0644 

659 

20.72 

.0767 

.0639 

626 

20.25 

.0815 

.0690 

680 

20.19 

.0550 

.0454 
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n 


l»MA  2O0  TURBINE  VANE  CASCADE 


R  l;  n  »  ol 

■  jfLt  ^static 

.53  3b. SI 


DATE!  fcU/03/79 
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TTOTLE  MACH  a 
6  So , 2  S  ,199 


TIME:  3:A1!2? 

V/V*  PEY/10**S 
.217  .806 


PTUTLE 

37.53 


IOEAl  EXIT  CONDITIONS 

static  TTOTAL  MACM  *  V/v*  REY/ie**6 

17.02  656,25  1.H99  1.080  2.764 


Expansion  WATI" 


CAJE  OPERATING  CONDITION 
-i.l-50  STATIC  PRESSURE  RATIO*  ,483 


*»*  Mxfco  OUT  CONg i T ion  summary  *•* 


X  span 

MASS 

30. 1 

1.974 

44,0 

1.969 

30, 1 

1.973 

23. 0 

1.971 

2o.  l 

l .  9  7  a 

lb.  i 

1 . 90o 

12.  ts 

1 .95* 

9.1 

.  .902 

5 .  » 

1  ,  *53 
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a  • 

T  T  3 

3o ,  v  - 
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3b.i 
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636 
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3d./ 

038 
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036 

M3 

BET  *3 

1.M23 

19.33 

1.029 

19.30 
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19.33 

1.024 

19.35 
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19.39 

l  .007 

l  9 . 4  4 

1.004 
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19. 43 
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19.42 
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OMEGA 

Ed  AR 
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.0501 
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.0497 

,8  768 

.0511 

.0823 

.0549 

.0967 
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.0666 

.083  1 
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t 
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PNCS6UPC 
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NUN  81  flENPOYNSniC  exir  na T A 


Run  a  6/ 


&MA  2 V'.(9  TuRblNE  VANE  CAbCADt 


uaTc.:  tfl/169/79 


TInE  S 


4:24:5* 


inlet  CONDITIONS 

PTUTlE  Ps;.iii  TTQTLE  MACH  * 
15.54  13,2V  0  6  4 . 6  6  .142 


V/V*  Stv/li,»*C 
.155  .227 


ideal  EXIT  CONOITIONS 

PTOTLt  STATIC  TTQTAU  MACH  *  V/V*  REY/10**6 

15.50  14.59  084.66  .296  .321  .459 


^jCauE  OPERATING  CONDITION 

tXPANSION  R a  i  i:  -  1.002  STATIC  PRtSSURE  RATIO*  .955 


**•  MlxEO  OUT  CONOITION  SUMMARY  *** 


X  SHAN 
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h  T  3 

T  T  3 

50.1 

,396 
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40.1 
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15.47 

663 
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1274,34  ,178 


time:  12:13:43 
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OVER  V  CRITICAL 
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f?M A  pup  TL'PPINE  VANE  CASCADE 


KIJN  3  S7 

DATE?  10/11/79 

T I  mf  : 

7:51:40 

ptotle 

21.59 

pstatic 

21.11 

INLET  CONDITIONS 
TTOTLE  MACH  n 

1073.99  ,1B0 

v/v* 

.196 

REY/10**6 

.232 

IOEAL  EXIT  CONDITIONS 

PTOTLE  STATIC  TTOTAL  MACH  *  V/V*  REY/10**6 

21.59  15.50  1E73.99  .710  ,740  .741 


CASCADE  OPERATING  CONDITION 

EXPANSION  PATIO*  1,393  STATIC  PRESSURE  RATIO*  ,734 


***  MIXED  OUT  CONDITION  SUMMARY  *** 


X  SPAN 

MASS 

PT3 

TT3 

M3 

BET  A3 

OMEGA 

EBAR 

50.0 
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21.43 

1041  . 
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DATE:  18/30/79 


time:  a; ah: 21 


inlet  conditions 

^totle  pstatic  ttutle  MACH  it  v/V*  PEV/10**6 
55,6fl  54.30  1477,25  .187  ,202  ,420 


STANTON  CALCULATION  INPUT 

»H0  -LBM/INj  *  t  (5**4  VELOCITY  .  IN/HR  STREAM  TEMPERATURE 

,57868  1  497  ‘5222  ,  1008,54 

CP  -  BTu/LPM/P 
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ORIFICE 


MASS  FLOW  RATE 


R.31  CASCADE 


IDEAL  Exit  CONDITIONS 

PTQTlE  STATIC  TTOTAL  MACH  «  V/V*  REY/10**6 

55.68  26.85  1477.25  1.098  1.075  1.516 


CASCADE  OPERATING  CONDITION 

expansion  ratio*  2,074  static  pressure  ratio*  .494 
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RUN  *  99 
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PTOTLE 

21.75 
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21.25 

InLET  CONDITIONS 
TTOTUE  MACH  a 

1442.  ats  .186 

v/v* 

,2fc  1 

REv/12**N 

.171 

IDEAL.  EXIT  CONDITIONS 

PTOTLE  STATIC  TTOTAL  *ACM  U  V/v*  REt/1P**6 

21.75  15.  94  1442.  40  .692  .721  .519 


CASCADE  OPERATING  CONDITION 

expansion  ratio*  1.365  static  pressure  ratio*  . 7 sa 


***  MIXED  CUT  CONDITION  SUMMARY  *** 
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loss  cocrricteNT 


Gha  2,i P  TuffdlNF  v A E  CASCADE 


Date:  11/07/79  time:  n:32;n 

IMtT  CONDITIONS 

PTGTL&  PSTATIC  TTOTLE  HACH  *  V  /  v  *  RE  Y7 1 P • *6 

36.24^  3b, 83  657.35  ,229  ,250  ,S37 


IDEAL  EXIT  conditions 

PTOTlE  STATIC  TTOTAL  MACH  »  V/V*  RET/ie**6 

38.2«>  17,96  657,35  1,097  1,079  2.828 


CASCADE  operating  condition 

Expansion  ratio*  2.127  static  PRESSURE  RATIO*  .488 


***  MIXED  out  condition  summary  *** 


X  SPAN 

MASS 

PT3 

TT3 

50.1 

1.871 

36.66 

664 

44 . 1 

1 .653 

36,04 

668 

33.1 

1.836 

36.61 

6  68 

24.9 

1.66H 

36,58 

667 

23,4 

1.676 

36.32 

668 

15.  v 

l  .6*0 

35.95 

666 

12.5 

1 .064 

35.89 

566 

11.7 

1 , 06*i 

35,89 

665 

11.4 

1.861 

35.67 

6o6 

avt" A ic 

1 .  o5b 

36,34 

oo6 

M3 

BET  A3 

OMEGA 

EBAR 

1,034 

18,08 

,0787 

,e52e 

1.031 

17.95 

.0800 

.0529 

i.«32 

17.78 

,0814 

.0538 

1.032 

18.03 

,0830 

.0549 

1.023 

18.31 

.8964 

.0641 

1.010 

18,39 

.1157 

,0777 

1.013 

18.39 

.1102 

.0792 

1.015 

18.39 

.1102 

.0791 

1.014 

18.39 

.1193 

,0799 

1.024 

18.15 

.4955 

.0035 
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LOCAL  H 
CONTOURS 


LOCAL  B  -  SPAN  AVC  Bj 
CONTOURS 


EXIT  HACN  NO.  =  1.10  Rf>NaLOS  NO.  =  2.33  >  l 06 


RUN  l  CP  PCROOYNAniC  CX  t  T  OAT A 


r,y, a  20/  TuRoInE  VAMt  CASCADt 


u  n  n  1  3  o 

PTQTlE  pstatic 

15.91  15.79 


Date  :  11  /  /  7  /  7  9 

I M L £ T  CONDITIONS 
TTQTLt  MACH  « 
697.72  .109 


time:  e : ? i : &3 

V/V*  R£Y/l/**6 
.119  .179 


IDEAL  EXIT  CONDITIONS 

PTOTUE  STATIC  TTOTAL  MACH  «  V/V*  R£r/ie**6 

15.91  14.92  637.72  .3*6  .332  .484 


CASCADE  OPERATING  LOMOITION 

expansion  ratio*  1.067  static  pressure  ratio*  ,945 


***  MIXED  QuT  CONDITION  SUMMARY  *** 


l  SPAN 

MASS 

pro 

TT3 

M3 

SET  A3 

OMEGA 

EbAR 

50.0 

.413 

15.86 

687. 

,294 

19.33 

.0597 

.7575 

39.9 

.413 

15,85 

697  , 

.294 

19.34 

.0645 

.7625 

29.9 

.407 

15,83 

686. 

.291 

19.37 

.2856 

.7925 

T> 

• 

* 

CM 

.403 

15.61 

686 . 

,289 

19,43 

.1714 

.7977 

19.0 

.433 

15.90 

696  , 

.287 

19. 59 

.1117 

.  1K77 

14,9 

.393 

15.91 

685. 

,266 

18.93 

.1115 

.1/76 

12.3 

.343 

15.82 

6o7  . 

.261 

18.06 

.1107 

.  u;  7  4 

11.2 

.332 

15.82 

od  7 . 

.261 

17.44 

.1754 

.1765 

19.7 

.333 

15.93 

697  . 

.261 

17.50 

.1086 

.1/54 

A  VEH AOt 

.387 

1  5 , 0  3 

636. 

,  ?0  4 

18,93 

.09/3 

.  ?  0  7  1 
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OVER  V  CRITICAL. 


LOSS  COEF 


(JO  A  2 .4  w  TURal Nfc  V  A  '<  t  C4SC4l»t 


RUN  a  1*9 

G  a  Tc «  11/19/75 

T  r  nt : 

a  s  2  a  !  2  a 

P  TO  TLc 

55. 16 

PST ATIC 
33.32 

inlet  coui  rtbns 

TTOTLE  MAO  n 

1259.33  .229 

v/v  * 

.244 

Rev/ l u*«p 

.603 

IDEAL  EXIT  CONDITIONS 

PTOTLc  STATIC  TTUTAL  *40  a  v/v*  »Er/10**6 

53.16  26.13  1259.33  1.1  16  1  .  1«»  1<818 


CASCAOE  OPERATING  CONDITION 

EXPANSION  RATIOS  2.111  STATIC  PRESSURE  RATIC»  .45? 


•**  p I y eo  out  condition  Si.mmarv  *•» 


«  SPAv 

RA3S 

PT3 

T  T  3 

M3 

8E  T  A  3 

Or  EuA 

c  5  A  R 

AS. 9 

2.491 

52.98 

1247. 

1.079 

19,43 

,0736 

.'»3P2 

39.0 

1.951 

53.48 

1173. 

l.»78 

17.93 

,<■'722 

.7479 

3tf.4 

1.941 

33.09 

1194. 

1.07  9 

17.61 

./721 

.”476 

25.1 

1.944 

32,98 

1189. 

1  .  »  7  6 

17.79 

.i73*5 

.  "  3  v  1 

19.9 

1.943 

52,63 

1102. 

1  .777 

17.63 

,  V  *1  «1  1 

.”'332 

14.9 

1 .934 

32.33 

1173. 

!  ,  '4  0  -> 

17. 9o 

.'Rod 

,’nS9 

11.9 

1.92- 

31.99 

1173. 

1  ,/p  l 

17.3, 

.  1  l 

.  r>  7  4  y 

6.9 

1.541 

31.43 

1  lc7. 

1  .^62 

1  4o 

.1133 

.  ’773 

2.3 

1.954 

51.81 

1167. 

1  .  /  0  4 

16.13 

.1136 

.7/7/ 

AVER  Ait 

1.961 

5«  ,o5 

11  =  1. 

1.1/3 

14.  .'7 

..  -7-.* 

.•’3  6.' 
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BUN  109  MRCH  1.1  7GRS  800  ENOMRLL  PRESSURE  CONTOURS 
CONTOUR  PLOT  OF  PRESSURE 

SCRLE  -  1.0000  PLOT  TIME  RND  ORTE  -  17:09:17  80/158 
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00©0  plot  TfHE  AND  OfiTE  -  12*48*27  79/331 


OVER  V  CRITICAL 


LOSS  CBEFF1C1E 


->**«*. •v^cTV1‘-’ 


’srmwft-t  *■ 


mun  #in 


PTOTLt 

21.51 


Gma  2*i0  Tij93InE  vane  CASCADE 

dates  11/21/79  Tire:  I2:ie:  e 


INLET  COKUITIQNS 
PSTATIC  TTOTLE  MACH  « 
25.77  1267.02  ,l95 


v/v* 

.211 


Rfcy/1***6 

.203 


ptotle 

21.31 


ideal  exit  conditions 
STATIC  TTOTAL  mac*  a 
13.57  1267. 92  .605 


v/v* 

.715 


PEY/ie**6 

.289 


eipansttm  D4, Cascade  operating  condition 

EXPANSION  ratio*  1.360  STATIC  PRESSURE  RATIO*  .755 


***  MIXEO  OUT  CONO I T  IQm  SL'HmAR* 


X  SPAN 

HASS 

PT3 

TT3 

M3 

8ETA3 

OMEGA 

EBAfi 

30.2 

40.0 

30.0 

24.9 

19,/ 

14.8 

11.  9 

9.4 

7.3 

.793 

.791 

.791 

.791 

.770 

.773 

.771 

.737 

.720 

21.09 

21.03 

21.02 

20,96 

20.86 

20.77 

20.77 

20,74 

20.72 

1237. 

1246. 

1211. 

1214. 

1267. 

1227. 

1232, 

1229. 

1243. 

.675 

.675 

,673 

.670 

.864 

.659 

.655 

.656 

.654 

20,34 

20.57 

20.32 

20.45 

20.52 

20.45 

20.44 

19,56 

19.23 

.0395 

.0449 

.0513 

.0616 

#0794 

.0946 

,0945 

.1002 

.1043 

.0325 
.0373 
.0427 
.0314 
.0663 
,0793 
.0  7.95 
,0841 
.0876 

AVERAGE 

.7/5 

20.92 

1235. 

.667 

20.25 

.0667 

,037a 

(  tmcmm  j*  m 


V,  A  .  ■  V*  , 


i 


i*. 


•'**% p  V 


I 


S 


► 


X 

CM 

CM 

CM 

CM 

CM 

CM 

X 

X 

O 

O 

O 

O 

o 

O 

X 

X 

3 

X 

O 

LU 

IU 

IU 

LU 

LU 

LU 

lu 

1— 

O 

O 

o 

O 

O 

O 

a 

1— 

z 

O 

o 

o 

o 

O 

O 

z 

o 

O 

o 

o 

o 

O 

O 

LU 

It 

o 

X 

CD 

o 

CM 

a 

X 

o 

CM 

w 

O 

X 

X 

lu 

cn 

• 

• 

• 

• 

• 

• 

— 1 

t— 

_/ 

X 

X 

X 

X 

3* 

•— i 

o 

z 

X 

X 

3 

X 

X 

>- 

X 

X 

u 

a 

UJ 

Ll. 

X 

cn 

cm  cm  cm 
o  o  o 

LU  LU  UJ 
O  <E  — < 
0  0)0) 
O  O  f*- 

o  co  r~ 

r*  CM  ID 


a  x  a 


X  z 
<x 


X 


cr 

2 

O 

z 

LU 

cc 

LU 

Li¬ 

en 

z 

cr 

cc 


co 

CO 

\ 

O) 


cr 

iu 

X 


m 


LD 

O 


o 

•• 

a 


x. 

u 

i— i 

X 


o 

o 

CD 


II 

UJ 

I— 

x 

o 

o 

z 

X 


c n 
x 


iu 

X 


O  IU  u 
I -  X  I- 
3 

K-  h- 

r*  x  o 
•  x  -I 
lu  a. 
x  x 

O  X 
X  IU 


o 

—•  u.  o 
—>  o  o 
—  o 

I—  • 

z  a  — ■ 
-)  _i 
X 


X  ll 
3 

a  lu 


2  X 

o  u 

O  CO 


102 


* 


s  ~®CDflDr'-r~r~iou3a>in 

•“•cooiooicn  a)aioi<nr' in 

(HO . 

o  x  i  o)  o)  o)  o)  o)  o)  o)  o)  c\i 

Z  IU  0)0)  0)0)  0)0)  0)0)00) 
UJ  wO)H(Otf)('0)H(T)00 

o  ooo)®r"®a?in«-in 


uj  t~ 

M  O 
•  3  _/ 
cn  a. 
x  co 

u  UJ 

a  x 
x  a. 

o 

x  o 
—  a  c> 
~  o 

H-  . 
Z  O  — 
3  _/ 

X  X 


AD-AHO  333  6ENCRAL  MOTORS  CORP  INDIANAPOLIS  IN  nrnntT 

EXPERIMENTAL  INVESTIGATION  OP  TURBIW  EWIMAL i  ^urir^roTuf IS  *1/5 

AUO  01  L  0  HYLtS.  ™S  «.£c.  E  NTuSS!  *{1  '?"eTC ,u> 

UNCLASSIFIED  DDA-EDR-10S63-VOL-*  A?.ISw!„-MT” vSlS’7^*!?0 


Gr-U  2d0  TURHInf  vAnc.  C ASCA^t 


RUN  9112 

PTQTLE  PSTATIC 

22. 34  21.72 


OATt'l  11/27/79 

INLET  CONDITIONS 
TTOTLE  hACH  * 
1 K65.52  ,203 


TIME:  12:42H4 
V/V*  BtY/le#*6 

.221  .272 


PTOTLE 

22.34 


ideal  exit  conditions 
static  ttotal  mach  « 

15.92  1065.32  .718 


v / V  *  REY/1P..6 

.748  .779 


cascade  operating  condition 

EXPANSION  RATIO"  1,403  STATIC  PRESSURE  RATIO*  ,733 


***  MIXEO  OUT  condition  Summary  ... 


X  SPAN 

MASS 

49.8 

.921 

40.4 

.913 

39.2 

.914 

24.7 

.917 

PT3 

TT3 

22,08 

1035 

22.06 

1042 

22,92 

1037 

21.95 

1028 

M3 

BET  A3 

703 

20,38 

701 

20.21 

698 

20.27 

693 

23.40 

OMEGA 

Ed  AR 

.0408 

.0333 

.0442 

.0361 

.0509 

.04J7 

.9621 
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GMA  2 (in?  TURolNE  vane  CASCADE 


RUN  «113 

PTQTEE  pstatic 

22.41  21.78 


OATES  11/27/79 

Inlet  conditions 

TTOTLE  hACH  a 
1460.  io7  ,207 


time:  13S5JS5; 

V  /  V  *  R  E  Y  /  1  43  *  *  fi 

.224  .  1 y  3 


IDEAL  EXIT  CONDITIONS 

PTOTtE  STATIC  TTOTAL  M ACM  a  v/v*  REY/10**6 

22.41  15.99  146*. 87  ,723  ,750  .541 


CASCADE  OPERATING  CONDITION 

expansion  ratio*  1,402  static  pressure  ratios  ,734 


***  mixed  out  cunoition  summary  *** 


X  SPAN 

MASS 

PT3 

TT3 

58.1 

.783 

22,14 

1401 

39.9 

.779 

22.13 

1389 

29. v 

.785 

22,08 

1361 

25.6 

.784 

22.02 

1406 

19.6 

.776 

21.90 

1376 

14.9 

,766 

21.80 

J  359 

11.0 

,76a 

21.77 

1389 

9.8 

,768 

21.74 

1356 

1.1 

.745 

21.78 

1369 

A  v  t K  A  J£ 

.775 

21.97 

1  36  2 

Mj 

BETAS 

OmEGA 

ESAR 

78  5 

20.17 

.0421 

.0346 

703 

19.97 

.0453 

.0372 

700 

20.12 

.e524 

.0431 

698 

20.31 

.0618 

.0508 

693 

20.12 

.0801 

.0661 

586 

20.50 

,  15  9  5  B 

,0/04 

686 

20.76 

.1004 

,0832 

685 

20.06 

.1059 

.0878 

606 

19.48 

,1018 

.0643 

695 

20.07 

.4703 

.0580 
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RUN  #=  U4 
0ATE=  11/27/73 
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SCRLE  --  1.0000  PL07  7IME  RNO  0R7E  =  11:09:44  80/014 
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R  LINEAR  CASCADE 

RUN  «=  123 
DATE  =  01/07/80 
EXPANSION  RAT  1 0=  1 .363 


PRES6URE 

SUCTION 

mo  span 

<!> 
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A  3 
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«n 


LOCAL  N 
CONTOURS 
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SIDE 

_L 

1 

PRES6URE 

SIDE 


LOCAL  B  -  SPAN  AVG  B* 
CONTOURS  3 


•  o  -m 


EXIT  RACK  NO.  a  0.69  REYNOLDS  NO.  a  9.16  X  10s 


RUN  123  REROOTNRrtlC  EXIT  ORTA 


VELOCITY  TCttPERflrURE 


y 


ENOWALL  HEAT  TRANSFER  LINEAR  CASCAUE 


voo 
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TOO 
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soo 


RUN  a =  123 
OPTE-r  01/0'7/BO 
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XU.*i  *)2d 
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TTr-ife:  i  4  : 3  e  :  s ° 


i3  t  •*)  r  u  t 

37.35 


I.MLfcT  CuNL'HIO-iS 
P  S  f  A  T  I  C  tf'jTLt  m  A  C  m  a 

36.99  1346.34  ,\2ti 


M /Mu  MCY/  1  l?»*6 
.  I37i  .2*3 


ideal  exit  conditions 

?  T  0  T  L  £  STATIC  TTOTAi.  ’?  a  c  h  4  V/V*  ><£y/l2**6 

37.35  33,11  1343.54  ,3ia3  .327  .525 


CASCAOE  operating  CONDITION 

EXPANSION  PATIO*  1,364  STATIC  PPESSUHE  PATIQs  .549 


*»*  iilx£0  OjT  CiINOITIOh  SiJm^apy  **» 
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1357 
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£i£T  A3 
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27.73 
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.7333 
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ENDWALL  HEAT  TRANSFER  LINEAR  CRSCRDE 


900  tr 


RUN  or  124 
DflTEr  01/07/80 
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END WALL  HEAT  TRANSFER  LINEAR  CASCADE 

RUN  #=  125 

#00  DflTE=  01/09/80 
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RUN  *13  2 


Gna  202  TuRblNE  VANE  CASCADE 

Oates  2/6/8»? 


TINE:  7SA2S4S 


inlet  conditions 

P  T  0  T  L  £  ^STATIC  TTOTtE  KACh  •»  v  /  y  »  REv/i**** 

J4.sb  33. *2  1284.28  ,181  .196  .Ji.4 


STanTGn  Calculation  I n p i t 

-Ubn/INJ  *13**4  VELOCITY  -  IN/hR  STREAM  TtNPERATLRF 

.415^7  l37(»aAi2.  PI  7, 23 

CP  -  aTu/UHN/F 
.257 


ORIFICE 


HASS  FLOW  RATE 


5.72  Cascade 


ideal  EXIT  L'DnU  I T  ITNS 

PTJTlL  STATIC  TTOTAL  MACH  If  V  /  V  *  RtY/12**6 

iJ.oe  25.46  1284.28  ,68b  .717  .545 


CASCADE  OPtHATlNG  CONDITION 

fcxPANSI jN  RATIOS  1.3e2  STATIC  PRESSURE  RATIO*  .751 
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ENU'WALL  HEAT  TRANSFER.  LINEAR.  CAStAETE 


IU>N  a=  f32 
DflTEs  2/8/80 


Sun  «133 


SNA  200  TUfiHIhE  VANE  CASCADE 

date:  2/e/««i  time:  r:«s:  3 


INLET  CONDITIONS 

PTOTuE  PSTATIC  TTQTUE  MACH  tt  v/v*  REY/U**6 
34,31  33.30  1203.77  .176  .190  .269 


STANTON  CALCULATION  input 

RnO  -LdM/lNj  *13**4  VELOCITY  -  IN/HR  STREAM  TEMPERATURE 

.44737  13282360 .  616.90 


CP  -  &TU/LBM/F 
.267 


ORIFICE 


MASS  FLOW  RATE 


4,29  CASCADE 


IOEAL  EXIT  CONDITIONS 

PTQTLE  STATIC  TTOTAL  MACH  a  V/v*  REY/ie**6 

34.01  24,86  1283.77  ,693  .722  .831 


cascade  operating  condition 

EXPANSION  RATIO*  1.368  STATIC  PRESSURE  RATIO*  .746 
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RUN  133  M2  .7  TGflS  800  RE2  .9E06  RDIRBRT IC  ENQWRLL 
CONTOUR  PLOT  OF  TEMPERRTURE 

SCALE  =  1.0000  PLOT  TIME  RNO  DATE  =  10:42:14  80/169 
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SCALE  -  1.0000  PLOT  TIME  AMD  DATE  -  I6s54t58  80/050 
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END  WALL  HEAT  TRANSFER  LINEAR  CASCAOE 

RUN  «=.  1'33 
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RUN  »149 


GHA  2M3  TUWdlNE  VANE  CASCADE 


WHO 


il 


PTQTLE  PSTATIC 

32.67  31,69 


OATE:  3/27/an 

inlet  conditions 
TTOTLE  MACH  « 
1262.35  .212 


TIME:  g  :  2  l :  8 

v/v*  rf  y /ie**6 
,229  .339 


STANTON  CALCULATION  INPUT 

*13**4  VELOCITY  -  IN/HP  STREAM  TEMPERATURE  -  F 

,39542  15656892,  792.47 

Cp  -  BTU/LBM/F 
.257 


ORIFICE 


MASS  FLOW  RATE 


5.46  CASCADE 


PTOTLE 

32,67 


IDEAL  EXIT 
STATIC  TTOTAL 

CONDITIONS 
MACH  ft 

V/V* 

REY/ie  **6 

23.99  1262.35 

.687 

,717 

.9(28 

Expansion 


CASCADE  OPERATING  CONDITION 
RATIO*  1,361  STATIC  PRESSURE  RATIO* 


.757 
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ENDWALL  HEAT  TRANSFER  LINEAR  CASCAEr 


RUN  #=  149 
DflTEr  3/27/80 


. . 
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DISTANCE  TROfl  CHDHALL 
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GMA  200  TURBINE  VANE  CASCADE 


4*0 


RUN  «150  OATEt  3/27/809  TINE:  1  ?!  1 1 : 33 

inlet  conditions 

PTOTLE  PSTATIC  TTOTLE  MACH  *  V/V*  REY/10**6 

34,59  34,31  1253,40  ,109  .119  .190 


STANTON  CALCULATION  INPUT 

-LBM/IN3  *10**4  VELOCITY  -  IN/hR  STREAM  TEMPERATURE  -  F 

,42853  8077319,  791.01 

CP  -  8TU/LSM/F 
.257 


ORIFICE 


MASS  FLOW  RATE 


2.98  CASCACE 


IDEAL  EXIT  CONOJTIONS 

PTOTLE  STATIC  TTOTAL  MACH  «  V/V*  REY/ie**6 

34.39  32.65  1253.40  .292  .313  .491 


CASCAOE  OPERATING  CONOITION 

EXPANSION  RATIO*  1.859  STATIC  PRESSURE  RATIO*  .952 
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RUN  150  HRCH  .3  TCRS  800  ENOHRLL  PRESSURE  CONTOURS 
CONTOUR  PLOT  OF  PRESSURE 

SCRLE  *  1.0000  PLOT  TIRE  RNO  ORTE  «  10*H0»37  80/168 


RUN  t*lo5 


GMA  200  TURBINE  VANE  CASCADE 

date:  5/14/B0  TIME:  4  : 1 8  : 37 


inlet  conditions 

PTOTLE  PSTATIC  TTOTLE  MACH  « 
33.47  33.03  1265.29  .139 


V/V*  RE  Y  /  1  0  *  *6 
.151  .231 


STANTON  CALCULATION  INPUT 

RhO  -LBM/IN3  *10**4  VELOCITY  -  IN/HR  STREAM  TEMPERATURE 

•  409J6  10339674.  801. IB 

CP  -  BTU/LBM/F 
.257 


ORIFICE 


MASS  FLO*  RATE 


4.91  CASCADE 


IOEAl  EXIT  CONDITIONS 

PTOTlE  STATIC  TTOTAL  MACH  *  V/V*  REY/10**6 
33,47  24,13  1265.29  ,708  ,737  .944 
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cascade  OPERAT 
XPANSION  RATIO*  1,387 


Ing  CONDITION 
STATIC  PRESSURE 


RATIO* 


.731 
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PTOTLE 
56  .  o9 


Gma  2#!9 


TUW6In£  VANE  CASCADE 


Date:  5/14/60 


TIME: 


7 :  l  / :  20 


inlet  conditions 

PSTATIC  TTUTLE  MACH  ft 
57.60  1255.81  #181 


V/VA  REY/10**6 
.1 96  .529 


«riO  -U6M/IN6  *10**4 

.72065 


STANTON  CALCULATION 
VELOCITY  -  IN/HR 
1334031a. 


INPUT 

STREAM  temperature 
788.73 


CP  -  &TU/L8M/F 
.257 


F 


ORIFICE 


MASS  FLQ‘4  RATE 


8.95  CASCAOE 


ptqtle 

58.89 


IDEAL  EXIT 
STATIC  TTQTAL 
42.59  1255.81 


CONDITIONS 
MACH  * 
.703 


V/V*  REY/l0**e 
.734  1.670 


Expansion 


CASCAOE  OPERATING  CONDITION 
RATIO*  1,383  STATIC  PRESSURE  RATIO* 


.739 
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RUN  166  M2  .7  TCRS  600  RE2  1.66606  HER7  7RRNSFER  ENDWRLL 

CONTOUR  PLOT  OF  STANTON  NUMBER. 

SCALE  =  1.0000  PLOT  TIME  RNQ  DATE  =  16:40:37  80/17? 


velocity  reirewiTURe 


ENOWALL  HEAT  TRANSFER  LINEAR  CASCADE 

RUN  «=  166 


r  ”  ’  w  •  '  ■  '  ^  >  •  I  1 - V - 1 - 1  1 

0.0  0.8  1.0  l.s 

oifTRNcr  nten  enomrll 

212 


GmA  2 43 fe)  TURblNE  VANE  CASCADE 


RrlQ 


^Un  4>  1  6  a 

PTDTLE  PSTATIC 

02.21  61.94 


DATES  5/16/6? 

inlet  conditions 
ttotle  hach  * 
1236, Ml  ,06? 


TIMES  6S23S20 

V/V*  RfcY/10**6 
.087  ,255 


STANTON  CALCULATION  INRUT 

L0M/IN3  *10**4  VELOCITY  -  IN/hr  STREAM  TEMPERATURE  -  F 

•73236  5697160,  776,89 

CP  -  BTU/LBM/F 
.256 


ORIFICE 


MASS  FLOW  RATE 


5.02  CASCAOE 


PTOTuE 

62,21 


IDEAL  EXIT 
STATIC  TTOTAL 
58,46  1236,01 


CONDITIONS 
MACH  « 
.302 


v/v*  REr/ie»*6 

.326  .523 


CASCADE  OPERATING  CGNOITION 

expansion  ratio*  1,064  static  pressure  patio*  ,944 
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RUN  168  MRCH  .7  TGBS  800  ENDNRLL  PRESSURE  CONTOURS 
CONTOUR  PLOT  OF  PRESSURE 

SCALE  -  1.0000  PLOT  TIME  RNO  OflTE  =  8:17*16  80/179 
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9E06  HEBT  TRANSFER  ENDMRLL 


ENDWALL  HEAT  TRANSFER  LINEAR  CASCADE 


RUN  *=  168 
DflTE=  5/16/80 


SUN  «169 


Gma  2P0  TuSdInE  VAnE  CASCADE 

Oates  s/gtj/aw  times  7shsa7 


PTOTLE 
43 » 27 


INLET  CONDITIONS 

PSTATIC  TTOTLE  MACH  #  V/V*  REY/ie**6 

42.27  1249,27  .186  ,201  .401 


STANTON  CALCULATION  INPUT 

WhO  -LBM/IN3  *10**4  VELOCITY  -  IN/HR  STREAM  TEMPERATURE  -  F 

,53194  13665990,  781.81 

CP  -  6TU/LBM/F 
.256 


ORIFICE 


MASS  FLOW  RATE 


6.45  CASCADE 


PTOTLE 

43.27 


IDEAL  EXIT  CONDITIONS 
STATIC  TTQTAL  M ACM  » 

31,64  1249,27  .692 


V/V*  REY/ie**6 
.721  1,222 


CASCADE  OPERATING  CONDITION 

EXPANSION  RATIO*  1,368  STATIC  PRESSURE  ratio*  .748 
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CONTOUR  PLOT  OF  TEMPERRTURE 

SCRLE  «  1.0000  PLOT  TIME  RNO  ORTE  «  12:37:06  80/177 
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VELOCITY  TEMPERATURE 


GMA  200  TURBINE  VANE  CASCADE 

RUN  0170  DATE*  5/30/80  TIME*  7*27*20 

inlet  conditions 

PTOTLE  PSTATIC  TTOTLE  MACH  «  V/V*  REY/10**6 
56,64  54,83  1277,69  ,219  ,237  ,000 


STANTON  CALCULATION  INPUT 

RHO  -LBM/IN3  *104*4  VELOCITY  -  IN/HR  STREAM  TEMPERATURE  -  F 
•67631  16294938,  806,99 

CP  »  BTU/LSM/F 
.257 


MASS  FLQM  RATE 

OFFICE  9,56  CASCADE 


IOEAL  EXIT  CONDITIONS 

PTOTLE  STATIC  TTOTAL  MACH  0  V/V*  REY/10**6 
56,64  28,05  1277,69  1,065  1,054  l.e30 


CASCADE  OPERATING  CONDITION 

EXPANSION  RATIO*  2,019  STATIC  PRESSURE  RATIO*  ,512 
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END  WALL  HEAT  TRANSFER  LINEAR  CASCADE 


RUN  «=  170 
DRTE=  5/30/80 

<!><*>  e  o 


R'lG 


Gma 

RUN  «  1  7  1 

PTOTLt  PSTATIC 

56 « 0  7  53,78 


200  TUR&INE  VANE  CA 
date:  e/9/a0 
inlet  cunoitigns 

TTOTLE  ha CH  0 
1256.32  .248 


AOE 

TINE:  7:se:  s 

V/V*  REY/ie**6 
.268  ,675 


-Lan/iN3  *ia*»4 
.67094 


STANTON  CALCULATION  INPUT 

VELOCITY  -  IN/HR  STREAM  TEMPERATURE 

18355352.  792.64 


CP  -  8TU/LBM/F 
.237 


F 


ORIFICE 


HASS  FLOW  RATE 


9.28  CASCADE 


ptotle 

56,47 


ideal  exit 

STATIC  TTQTAL 
28,07  1266,32 


CONDITIONS 
MACH  0 
1.056 


V/V*  REY/ie**b 
1.046  1,629 


CASCAOE  OPERATING  CONDITION 

Expansion  ratio*  1,997  static  pressure  ratio*  ,522 
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CONTOUR  PLOT  OF  STANTON  NUMBER. 

SCALE  -  1.0000  PLOT  TIME  AND  DATE  -  17:M0t3M  80/171 


TEttPEWlTURE 


l in u w h l L  HtH  I  I  KflNSFER  linear  cascade 


RUN  tt=  171 
DRTE=  6/9/80 


4>  v  O 


wi 


ijfwq^cKir'. 


SUN  *1172 


GMA  200  TURBINE  VANE  CASCAOE 
DATE:  6/U/80 


TIME:  4:21:  3 


inlet  conditions 

PTOTLE  PSTATIC  TTOTLE  MACH  A  V/Vt  REY/10**6 
33,87  32,83  1259,67  ,2l4  ,232  ,356 


STANTON  CALCULATION  INPUT 

*HO  -L0H/IN3  »10*«4  VELOCITY  -  IN/HR  STREAM  TEMPERATURE 
•41064  15805562.  789,60 

CP  -  BTU/LBM/F 
.257 


ORIFICE 


MASS  FLOW  RATE 


5.03  CASCAOE 


IDEAL  EXIT  CONDITIONS 

PTOTLE  STATIC  TTQTAL  MACH  «  V/V*  REY/10**6 
33,87  24,50  1259,67  ,704  ,733  ,557 


CASCADE  OPERATING  CONDITION 

Expansion  RATIOS  1.382  STATIC  PRESSURE  RATIO*  ,746 
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SFER  L 

RUN 

DATE 


GMA  200  TURBINE  VANE  CASCADE 

sun  «i73  Date:  6/11/B0  time:  10:45525 

Inlet  conditions 

ptotle  PSTatIC  TTDTLE  mach  «  v/v*  RE v / 1 0 **6 

45.23  43,73  1243.55  ,223  ,241  .503 


STANTON  CALCULATION  INPUT 

«riO  -uBM/Ino  *10**4  VELOCITY  -  In/HR  STREAM  TEMPERATURE  -  F 

.55437  16373602.  772.70 

CP  -  BTU/LBM/F 
,256 


MASS  FLOW  RATE 

°*IFICE  6.42  CASCADE 


IDEAL  EXIT  CONDITIONS 

PTOTLE  STATIC  T TOTAL  MACH  ft  V/V*  REY/10**6 

45,23  32,70  1243,55  ,705  ,734  1,298 


CASCADE  OPERATING  CONDITION 

expansion  ratio*  i,3a3  static  pressure  ratio*  ,743 
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CONTOUR  PLOT  OF  TEMPERRTURE 
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ENOWALl  HEAT  TRANSFER 
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VELOCITY  TEMPERATURE 


3.0  ANNULAR  CASCADE 


The  dace  in  this  section  will  include  summaries  of  results  from  all  annular 
cascade  tests.  Run  conditions  are  summarized  and  general  descriptions  of 
available  types  of  data  plots  are  given.  Availability  of  specific  plots  for 
each  run  is  discussed  and  then  individual  plots  for  each  run  are  presented. 

3.1  RUN  CONDITIONS 

The  annular  cascade  was  intended  to  supply  data  on  the  effects  of  the  one  im¬ 
portant  variable  that  could  not  be  simulated  in  the  linear  2-D  cascade,  the 
radial  pressure  gradient.  Determining  the  effects  of  the  radial  pressure 
gradient  required  making  heat  transfer  measurements  on  both  the  hub  and  tip 
end  walls. 

Data  was  taken  over  a  range  of  exit  Mach  and  Reynolds  numbers  and  at  various 
gas  temperatures.  Variation  in  gas  temperature  provided  data  over  a  range  of 
wall-to-gas  temperature  ratios.  Details  of  the  test  plan  were  discussed  in 
Section  4  of  Volume  I  and  will  not  be  repeated  here.  The  inlet  and  exit  flow 
conditions  for  the  annular  cascade  runs  are  summarized  in  Table  4. 

3.2  DESCRIPTION  OF  SUMMARY  DATA 

The  data  on  the  annular  cascade  was  not  as  extensive  as  on  the  linear  cas¬ 
cade.  Summary  contour  plots  are  presented  for  the  hub  and  tip  endwalls,  but 
only  hotside  temperature  contours  and  Stanton  number  contours  are  presented. 

As  with  the  linear  cascade  data,  the  measured  hotside  passage  temperatures  on 
the  endwall  were  curve  fit,  with  the  results  then  used  to  obtain  interpolated 
temperatures  for  the  nodes  of  the  finite  element  model.  Separate  models  were 
required  for  the  hub  and  tip,  due  to  the  difference  in  geometry  in  the  3-D  an¬ 
nular  cascade.  Using  the  contour  plotting  capabilities  of  the  finite  element 
program,  the  interpolated  hotside  temperatures  in  °F  at  each  node  were  then 
contour  plotted  for  the  hub  and  tip  endwalls. 

The  Stanton  number  contour  plots  were  developed  by  using  the  local  endwall 
heat  transfer  coefficient  that  is  determined  at  each  node  by  the  finite  ele¬ 
ment  solution  technique.  The  Stanton  number  is  calculated  at  each  node  based 
on  the  heat  transfer  coefficient  at  that  node  and  the  average  inlet  flow  con¬ 
ditions.  These  values  for  both  the  hub  and  tip  endwalls  are  then  contour 
plotted  by  the  finite  element  plotting  routine.  Because  of  the  sign  conven¬ 
tion  employed  in  the  heat  flux  measurements,  the  Stanton  numbers  on  the  con¬ 
tour  plots  are  negative.  The  absolute  values  should  be  used.  This  will  re¬ 
sult  in  the  reversal  of  the  MAX  and  MIN  locations  shown  on  the  contour  plots. 

The  annular  cascade  exit  aero  data  summary  consists  of  three  pages  per  run. 

The  first  page  lists  tabulated  values  of  the  various  loss  parameters.  The 
different  parameters  are  explained  in  Section  6  of  Volume  I.  The  second  page 
shows  a  contour  plot  of  the  exit  air  angle  and  aplot  of  the  mixed-out  air 
angle  versus  percent  span.  The  final  page  shows  exit  pressure  loss  coeffi¬ 
cient  contours  and  mixed-out  pressure  loss  coefficient  versus  percent  span. 

3.3  DATA  SUMMARY 

This  section  contains  the  data  summary  sheets  for  all  annular  cascade  runs. 
Results  are  presented  for  each  run  in  the  following  order:  hub  heat  transfer, 
tip  heat  transfer,  and  exit  aero  surveys.  Runs  are  arranged  in  numerical 
order.  Run  conditions  are  given  in  Table  4. 
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TABLE  4.  ANNULAR  CASCADE  RUN  CONDITIONS 


Inlet  conditions 


Exit  conditions 


Page 

Nos . 

Run  7*o. 

Oas  total 
temperature 

cn 

Total 

pressure 

<p»i») 

Hub  static 
pressure 
(psia) 

Tip  static 
pressure 
( psla) 

Mach 

number 

Reynolds 

number 

x  i<r<> 

Expansion 

ratio 

245-243 

19 

251 

30.2 

29.2 

29.3 

0.70 

0.71 

1 

38 

249-252 

21 

324 

33.7 

32.7 

32.8 

0.70 

0.70 

1 

39 

253-256 

46 

425 

47.6 

46.0 

46.1 

l.U 

1.01 

2 

14 

257-263 

52-53* 

425 

33.4 

32.2 

32.3 

1.09 

0.71 

2 

09 

264-270 

58-59* 

424 

38.9 

37.7 

37.8 

0.70 

0.70 

1 

38 

271-277 

61-62* 

429 

28.4 

27.6 

27.7 

0.68 

0.50 

1 

36 

278-284 

64-65* 

422 

55.8 

54.2 

54.4 

0.70 

1.01 

1 

39 

285-288 

67 

429 

23.9 

23.0 

23.1 

1.10 

0.50 

2 

14 

289-292 

71 

425 

13.7 

13.2 

13.2 

W2 

0.29 

2 

17 

293-299 

73-75* 

425 

15.1 

14.6 

14.7 

0.70 

0.27 

1 

39 

300-303 

77 

512 

43.9 

42*7 

42.8 

0.70 

0.70 

1 

38 

304-307 

34 

424 

73.3 

70.8 

70.9 

1.11 

1.56 

2 

14 

308-314 

88-89* 

424 

81.  i 

78.7 

78.9 

0.70 

1.46 

1 

3P 

315-321 

91-92* 

422 

60.4 

59.7 

59.8 

0.39 

0.70 

1 

li 

*Dual  run  numbers  Indicate  combined  aero  and  heat  transfer  runs  with  heat  transfer  data  recorded  under  first  number 
and  aero  recorded  under  second  number. 
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4.0  TURBULENCE  MEASUREMENTS 


Inlec  turbulence  intensity  measurements  were  made  in  the  linear  cascade.  The 
measurements  were  made  with  the  ODA  laser  doppler  anemometer  (LDA),  which  is 
described  in  detail  in  Section  3.2.7  of  Volume  I.  For  this  application  the 
system  was  aligned  in  15“  off-axis  backscatter,  with  a  fringe  spacing  of  7.72 
fia  and  a  laser  power  of  350  mw. 

As  explained  in  Section  3.2.7  of  Volume  I,  optical  access  to  the  cascade  was 
provided  by  Installing  quartz  windows  in  the  endwall  that  had  previously  been 
used  for  making  the  adiabatic  endwall  temperature  measurements.  This  optical 
access  allowed  turbulence  intensity  measurements  to  be  made  midway  between 
vanes  3  and  4  at  a  point  0.16  inch  downstream  of  the  vane  leading  edge  plane. 
Traverses  were  made  across  the  span  and  data  was  taken  at  1/2-inch  intervals 
over  a  range  from  1  inch  on  each  side  of  the  centerline.  Measurements  could 
not  be  taken  closer  than  1/2  inch  to  the  endwall  due  to  reflections. 

Measurements  were  made  at  inlet  gas  temperatures  of  600°F,  800“F,  and  1000°F 
with  the  facility  burner  operating.  At  these  three  temperature  levels  mea¬ 
surements  were  made  at  an  exit  Mach  number  of  0.7  and  at  Reynolds  numbers 
matching  those  of  the  baseline  heat  transfer  tests.  An  additional  set  of  data 
was  taken  at  an  exit  Mach  number  of  0.3  and  a  gas  temperature  of  800°F .  This 
condition  provided  inlet  flow  parameters  different  from  the  0.7  exit  Mach  num¬ 
ber  cases. 

Span-averaged  values  of  the  turbulence  intensity  did  not  indicate  the  varia¬ 
tion  with  gas  temperature  that  was  expected.  Table  5  lists  these  values  with 
the  associated  run  conditions. 


TABLE  5. 

SPANWISE-AVERAGED 

TURBULENCE 

INTENSITY 

t 

Gas 

Exit 

Exit 

Turbulence 

Temperature 

Mach 

Reynolds 

Intensity 

(°F) 

Number 

Number 

(X) 

600 

0.7 

0.75  x  106 

9.35  +  0.4 

800 

0.7 

0.60  x  IQ6 

7.95  +  0.4i 

1000 

0.7 

0.54  x  106 

7.90  +  0.4i 

800 

0.3 

0.20  x  106 

8.43  +  0.4 

The  uncertainity  limits  on  the  turbulence  intensity  reflect  only  the  statisti¬ 
cal  uncertainity  inherent  in  making  the  calculation  from  1000  particle  veloci¬ 
ties. 

The  spanwise  profiles  were  as  expected,  with  minimum  values  of  the  turbulence 
intensity  measured  at  midspan  and  the  level  increasing  as  the  wall  was  ap¬ 
proached.  At  a  point  1/2  inch  from  the  wall,  levels  were  nominally  15%  higher 
than  the  aidspan  values.  The  spanwise  profiles  for  the  four  runs  in  Table  5 
are  shown  in  Figures  1  through  4.  In  the  figures  the  0.00  span  position  rep¬ 
resents  the  heat  transfer  endwall,  whereas  the  3.00  span  position  represents 
the  quartz  window. 
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Figure  1.  S panwise  turbulence  intensity  variation  at  600SF 
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Figure  2.  S panwise  turbulence  Intensity  variation  at  800*F 
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Figure  3.  Spanwise  turbulence  intensity  variation  at  iOOO#F. 
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Figure  4.  Spanwise  turbulence  intensity  variation  at  800°F  for 
reduced  exit  Mach  number. 
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